Abstract: Negative dielectric constant materials, once an incumbrance for physicists, are now the stockpiles of unique optical and microwave devices that will also avoid complex geometries. We report the observation of temperature dependent negative dielectric constant in the perovskite PrMnO3 obeying the classical Drude theory and with an associated capacitive-inductive transition confirmed from impedance analysis.
electrical and magnetic transitions draw attention among researchers extensively. They exhibit unusual behaviour and interesting properties. Such as the field induced metamagnetic transitions in DyMnO3 due to spin reversal of Dy-magnetic moment, [1] magnetic transitions in GdMnO3 due to the spin wave ordering of Mn 3+ and Gd 3+ [2] . TbMnO3 is a versatile compound in this family associated with spin polarization, spin reversal of Mn 3+ and Tb 3+ ions, spin frustration and ferroic ordering -control of magnetic with electrical polarization [3] . NdMnO3 exhibit exchange bias effect due to the correlation in spins of Nd 3+ and Mn
3+
with the applied field [4] . Negative dielectric property further compliments the AMnO3 family making them potential for applications.
Generally the force between a system of charges is well described by Coulomb's law as their product and inversely proportional to square of distance the between them, given by F= Kq1q2/εrr 2 , [5, 6] where εr is relative permittivity of the medium. The sign indicates the nature of force: positive for repulsive and negative for attractive, if the force between like charges is to be attractive, the only possible way is εr should be negative, which physically signifies the alignment of charges opposite to the applied voltage. This opens a new gate towards negative dielectric constant materials (NDC). The dielectric constant of the material is related to polarization as p = ε0 (ε'-1) [6] [7] [8] where ε' is the real part of dielectric constant, ε = ε'-iε'' [9] . NDC represents polarization which opposes the applied field, similar to magnetic field lines expelled by diamagnetic materials [9] . The above condition happens when k ≠ 0 and ω → 0. In nature, the negative dielectric constant is descried by Drude theory, where the electrons form pairs in an applied oscillating electric field [6, 10] .
When the like charges form a pair in the applied oscillating electric field, it is capable of giving distinct properties like superconductivity at room temperature, reverse Doppler Effect, reversed Cherenkov radiation, none of which exist in natural materials [6, 11, 12] .
Finding a system with a NDC is a challenging task and very few reports are available. Chu et.al found negative dielectric constant in 'Al2O3 in silicon oil system' [13] at very low frequencies., Yan et.al found NDC in non-conducting polymers as a function of time [14] .
Further, materials showing NDC as a function of frequency, time and even with respect to the applied field are reported, but as a function of temperature has not been reported yet in AMnO3 systems.
Experimental. -PrMnO3, a half metallic ferromagnet (HMF) [14] behaves as a conductor for one type of spin orientation (up spin) but as insulator for the opposite spin orientation.
PrMnO3 is prepared by initially milling the stoichiometric ratio of Pr6O11 and MnO2 in zirconia vial with a ball to powder ratio of 27:11 for 5 h and the black powder obtained is heat treated at 1473 K for 5 h. Phase purity is confirmed by indexing the Selective Area Electron Diffraction (SAED) pattern ( Fig. 1 .a) of the sample, and the FE-SEM micrograph confirms a uniform growth of the grains.
PrMnO3 pellet of 8 mm diameter and1.25 mm thickness, is subjected to AC impedance spectroscopy measurements, a key tool in understanding the electrical property of materials. In impedance spectroscopy, the resulting current is a function of sinusoidal wave as V=V0 sin(ωt), from which using Fourier transformation the applied wave is resolved as behaviour. An R-L-C circuit produces a full circle comprising of both the quadrants [8, 13] .
Results and discussion. an intersection on the x-axis provides the resistance value of the prepared PrMnO3. Fig. 2(b) shows the resistance at room temperature (303 K) in the order of kΩ. As the temperature is increased, the resistance of PrMnO3 decreases, which is confirmed by the decrease in the radius of the semicircles [9] . The occupancy of Z'' and Z' in the third quadrant confirms the capacitive nature of the sample [8, 13] .
As the temperature of the sample increases, the resistance decreases abruptly, as shown in Fig.2 (c) and Fig. 2 (d) [3] The transformation of the semicircle from third quadrant to first quadrant confirms the presence of inductive nature in the sample with respect to the increase in temperature [13, 15] . The graph is attributed to the competition between capacitive and inductive behaviour. The temperature at which the behavior completely switches from capacitive to inductive may be defined as the capacitive-inductive temperature (TCI ~ 503 K).
If T < TCI -sample exhibits capacitive nature and if T > TCI, it behaves as inductor.
The conductivity plot (Fig 3.a) as a function of frequency and temperature. It is noted that at room temperature, the dielectric plot is normal in behaviour with the frequency. As the temperature is increased, the dielectric constant (εr) decreases, but as the temperature is increased above TCI, εr becomes negative, at low frequencies. This is significant according to classical Drude theory [6, 15] . Using Fourier transformation (AC-impedance spectroscopy), dielectric component of a dielectric material can be resolved as εr = ε'-jε", where εr is resolved as real and complex parts, respectively [9] . According to Drude theory, the negative dielectric constant can only happen if electronelectron combines by overcoming their repulsion (i.e. Columbic force should be attractive) or forming an electron gas [6, 10] . Chu.et.al also describe negative dielectric constant with the term dia-electricity which can happen only in the low frequency regime due to the wavevector as discussed in previous section.
Inset of fig. 3(b) shows the resistivity plot. Fig.3(c) shows imaginary part of dielectric constant as a function of frequency and temperature. Imaginary part (ε") is inversely proportional to frequency. At high frequencies the magnitude is low and vice versa. The imaginary part of the dielectric constant is also related to conductivity of the material as, σ d = ω ε0 ε" [6, 8] . For temperatures above TCI, the imaginary part of the dielectric constant is greater than its real part, i.e., εr = ε'-j ε" hence resulting in negative dielectric constant. The electric modulus M' vs M'' is plotted (Fig. 3d) which is more significant to temperature transitions [9] . In this, a change with respect to temperature is an evidence for negative dielectric constant in PrMnO3 system. 
Conclusion

Figure and Caption
2), (0 2 0), (1 1 2) and (0 2 2) of orthorhombic PrMnO3. FE-SEM (insert) evidences a uniform grain distribution that is due to ball milling and high temperature heat treatment. 
SUPPLEMENTARY:
Instrumentation Impedance analysis of the sample was carried out in a Solatron 1260 impedance analyser which is known for its instrument resolution and accuracy. The plot confirms, even at a frequency of 100 Hz, the instrument measures 1 Ω, with a least capacitance of 1 nF with an accuracy of 0.2% . 
Reinforcement of inductive nature of the sample
If the inductive effect is generated by the leads (probes) then the trend of Z' versus Z'' will be like the one as shown below (Highlighted in blue circle), will occur only at high frequencies, f > 500 kHz and not in the entire range as we had observed from 1 Hz to 10 MHz. From the above discussion, we can conclude that the inductive effect observed is due to sample behaviour and not because of Pt leads.
The four probe experiment (to compare the resistivity value obtained from impedance spectroscopy) was performed using Keithley source meter and the potential difference was measured using Keithley nano-voltmeter. 
